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Feline lung-digit syndrome (FLDS) and idiopathic pulmonary fibrosis (IPF) are rare diseases, recently 
diagnosed in feline patients. FLDS is a particular condition recognised, so far, only in cats and not in other species. IPF 
was also described in humans and, as in cats, it was associated with pulmonary cancer. Primary pulmonary cancer in 
cats is rarely encountered, representing about 0.69-0.75%. Most of the digital tumors diagnosed in feline patients 
represent metastasis of the pulmonary tumors (87.5%). The aim of this study is to describe clinical, pathological and 
immunohistochemical aspects in three cases of lung-digit syndrome associated with IPF. Two cats with chronic 
respiratory distress were submitted to the Department of Pathology, Faculty of Veterinary Medicine (Cluj-Napoca) for 
pathological examination. The third cat was clinically diagnosed with lung-digit syndrome and only the affected digit 
was submitted for histopathological diagnosis. The complete history, physical and radiological exams were available in 
two of the cases. The samples collected during necropsy were evaluated by cytological (Dia Quick Panoptic stain) and 
histopathological (H&E and TM stains) exams. The previous exams were followed by immunohistochemistry, using 
antibodies against multi-cytokeratin (MCK) and vimentin (VIM). Additionally, K-RAS and P-53 immunoexpression was 
evaluated in all samples. The thoracic radiographs showed a diffuse mixt pattern (bronchial and alveolar) with evidence 
of a pulmonary mass; the affected digit presented severe osteolysis of the third and second phalanx. Histologically, 2 
cases of adenosquamous carcinoma and one case of adenocarcinoma (tubulo-papillary type) were diagnosed. Lung- 
digit syndrome was confirmed in all cases. The histopathological diagnosis was supported in all cases by IHC results, 
including positive reaction of the neoplastic epithelial cells for MCK and negative for Vimentin. Moreover, the neoplastic 
epithelial cells showed an intense positive reaction for KRAS and negative reaction for P53. FLDS and IPF are rarely 
encountered in cats. An association between these two syndromes was identified in 2 out of the three cases. KRAS 
mutation may represent an important predisposing factor in development of pulmonary adenocarcinoma in cats. Further 
and more complex studies using a larger number of cases are required in order to establish the role of KRAS pathway 
in feline pulmonary cancer). Other studies are also required in order to establish the responsible trigger mechanism for 
lung-digit syndrome and if there is a correlation with the idiopathic pulmonary fibrosis. 
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Introduction 
Primary pulmonary neoplasia is uncommon in cats, accounting about 0.69-0.75% of cats 
presented for necropsy (Nunley et al., 2015). Adenocarcinomas represent 70% to 80% of primary 
pulmonary neoplasia in dogs and cats (Moulton et al., 1981). 
Feline lung-digit syndrome (FLDS) is a particular disease of cats characterized by solitary 
or multiple digital metastases of primary pulmonary carcinomas (van der Linde‐ Sipman and van 
den Ingh, 2000; Gottfried et al., 2000). The condition was first described in 1982 (Moore and 





(Gottfried et al., 2000). According to previous studies a relatively large percentage (17.9%) of 
pulmonary carcinomas metastasis to digits, with a positive correlation between the tumor size and 
the metastatic potential (D’Costa et al., 2012). Most of the digital tumors (87.5 %) in cats are 
represented as metastasis of primary lung tumors (van der Linde‐ Sipman and van den Ingh, 2000). 
Idiopathic pulmonary fibrosis (IPF) is included in a separate group of pulmonary disorders 
in humans (Selman et al., 2010, Le Boedec et al., 2014). In cats, this disorder has been recognized 
since 1996 (Caswell and Williams, 2007), followed by few studies (Selman et al., 2010; Le Boedec 
et al.; 2014; Cohn et al., 2004; Williams et al., 2004). In cats, IPF shares similar characteristics as 
in human medicine: marked interstitial fibrosis with subpleural distribution, 
fibroblast/myofibroblast foci, honeycombing (large airspaces with prominent epithelium) and 
alveolar metaplasia (Cohn et al., 2004; Katzenstein and Myers, 1998; Williams et al., 2004). The 
pathogenesis of IPF is still not known neither in humans or cats, but recent reports (Williams et al., 
2004) show that in cats a defect in type II pneumocytes may be responsible, being under 
investigation if the condition is due to a genetic defect. This defect is similar with what was seen 
in humans, in which there were incriminated mutations of pro-surfactant protein C gene (Thomas 
et al., 2002). 
In human medicine, some evidences suggest that progressive lung fibrosis in the context 
of IPF represents a risk factor for pulmonary carcinogenesis; currently there is lack of knowledge 
supporting a strong correlation between pulmonary fibrosis and cancer (Karampitsakos et al., 
2017). In cats, co-incident pulmonary tumors have been reported, including bronchogenic 
carcinomas, multifocal adenomas, and a histiocytic sarcoma (Williams et al., 2004). 
Genes involved in pulmonary oncogenesis, in both humans and cats, are mostly 
represented by p53 (Jassem et al., 2004, D’Costa et al., 2012) and EGFR (Salomon et al., 1995; 
D’Costa et al., 2012). In humans, the genes MET, LKB1, BRAF, PIK3CA, ALK, RET (El-Telbany 
and Ma, 2012) and KRAS (Jassem et al., 2004, D’Costa et al. 2012) also play a crucial role in 
development of different types of pulmonary cancer. 
KRAS gene mutation is known to have and important role in development of pulmonary 
cancer in human patients (Jassem et al., 2004), but in cats, the role of KRAS was not established, 
yet (D’Costa et al., 2012; Grossman et al., 2002). 
The aim of this study consists of clinical and pathological characterization of lung-digit 
syndrome in 3 cats with variable degrees of idiopathic pulmonary fibrosis. KRAS gene expression 
was also evaluated in these cats. 
 
Materials and methods 
In a period of two years, two cats with clinical history of chronic respiratory distress were 
registered to the Department of Pathology and Forensic Veterinary Medicine, Faculty of Veterinary 
Medicine (Cluj-Napoca, Romania). The third cat was clinically diagnosed with lung-digit 
syndrome, but only the tumors arising in the digits have been submitted for pathological 
examination. 
Tissue samples collected during necropsy consisted of pulmonary neoplasias, digit tumors, 
intestinal nodules (metastases) and pulmonary tissues adjacent to pulmonary tumors. Cytological 
examination (impression smears) was made using Dia Quick Panoptic technique (DQP, Reagens 





For histopathological examination the samples were fixed in 10% formalin for 48h 
followed by routinely embedded in paraffin. The sections (3-4 µm) were stained with hematoxylin- 
eosin (H&E) and Masson’s trichrome (MT). 
Immunohistochemistry was performed in all cases in order to confirm the histological 
diagnosis. The panel of antibodies used were: multi-cytokeratin (mouse anti-human multi- 
cytokeratin antibody, clone AE1/AE3, Leica Biosystems Newcastle Ltd, United Kingdom), 
vimentin (mouse anti-human monoclonal vimentin antibody, clone SRL33, LeicaBiosystems 
Newcastle Ltd, United Kingdom), KRAS (rabbit polyclonal to KRAS, Abcam, United Kingdom) 
P53 (rabbit polyclonal antibody to p53 protein, LeicaBiosystems Newcastle Ltd, United Kingdom). 
All samples were processed using Leica BondmaxTM Immunohistochemistry system (Leica 
Biosystems Melbourne, Bond Max model, M2 12154 series). 
 
Case series description 
Case 1 
An eight-year-old neutered female domestic shorthair cat, was presented with a clinical 
history of severe dyspnea, cough, weight loss, lethargy and loss of appetite in a private-practice 
clinic. Physical examination revealed: rectal temperature (38.5ºC), tachypnea (44 breaths/minute), 
increased bronchovesicular sounds, dehydration (4%). A complete blood count revealed an 
increase in the total white blood cells 18.6x103/mm3 (5.0-11.0) with granulocytosis 16.5x103/mm3 
(3.0-12.0), an increase in the number of platelets 577x103/mm3 (180-430) and RDW low 14.8% 
(17-22%). 
The biochemistry (ALAT, ASAT, Creatinine, Urea, Glucose) results were within normal 
limits. Thoracic radiographs (Fig. 1A) showed a diffuse mixt pattern (bronchial pattern with 
characteristic aspects of donut and railways; alveolar pattern in all pulmonary lobes), elevated 
trachea at the heart base which indicated the presence of a structure, most likely a tumour. The 
treatment included antibiotics (enrofloxacine) and corticosteroids for 21 days with mild clinical 
improvements for few days. 
 
 
Fig. 1 A – Mixt pulmonary pattern with evidence of bronchial-intersitial fibrosis and presence of alveolar pattern 





The thoracic radiographs were repeated six weeks later. The broncho-alveolar pattern 
became more severe with interstitial opacities (more severely in the diaphfragmatic lobes) and mild 
cardiomegaly. Moreover, at that time, despite mild clinical improvement, the owner reported that 
the cat developed coprostasis. After eight weeks of respiratory distress, the cat was presented with 
right forelimb lameness. Physical examination revealed a diffuse thickening of distal part of the 2nd 
digit. The radiograph (Fig.1B) showed evidence of evidence of complete osteolysis of the third 
phalanx, and mild osteolysis of the second phalanx, surrounded by a soft tissue mass with 
displacement of the nail. 
Approximately 2.5 months after the first examination, the owner reported worsening of 
general condition and the cat died because of severe respiratory failure. 
 
Necropsy 
Gross examination of the pulmonary parenchyma showed a diffuse multinodular pattern, 
with multiple white to tan nodules of 0.2 cm to 1 cm in diameter (Fig. 2 A). All pulmonary lobes 
were firm; in the apical lobe of the left lung was identified a 3 cm in diameter, infiltrative, dense, 
white-grey mass (Fig. 2 A, B), consistent with a primary pulmonary neoplasia. The intestinal wall 
(jejunum) was focally expanded by a small white mass (0.5 cm diameter) associated with severe 
luminal obstruction (Fig. 2 C). The right paw had a cyanotic appearance (Fig. D) and the distal 
phalanx of the 2nd digit was severely thickened. 
 
Fig. 2 A – Gross examination of the pulmonary parenchyma showing an infiltrative mass in the apical lobe of the 
left lung (arrow) and diffuse fibrosis with multiple white nodules (bottom right corner). B – Macroscopical features 
of the pulmonary tumour on cross section. C - Intestinal metastasis of pulmonary neoplasia (arrow). D – Digital 






Cytological examination of the pulmonary mass (Fig. 3 A, B) showed a moderate number 
of neoplastic epithelial cells, arranged in small clusters or individually. The neoplastic cells are 
large, round to polygonal with distinct cytoplasmic borders, pale basophilic cytoplasm and high 
N:C ratio (Fig. 3 A); the nuclei are round to oval, with prominent nucleoli and coarse nuclear 
chromatin. The pleomorphism, anisocytosis and anisokaryosis are moderate to marked. Some cells 




Histopathological findings revealed numerous coalescing areas of interstitial fibrosis and 
marked smooth muscle proliferation, mostly located in the subpleural area, in all pulmonary lobes. 
Prominent pneumocyte type II hyperplasia with honeycomb appearance of the alveoli and 
intraluminal accumulation of foamy macrophages admixed with desquamated pneumocytes and 
fewer neutrophils were also observed within affected areas. All these histological findings are 
compatible with idiopathic pulmonary fibrosis (Fig. 3E). 
Pulmonary mass consisted of malignant proliferation of bronchoalveolar epithelial cells 
with squamous differentiation (Fig. 3C). The neoplastic cells are cubical to polygonal arranged in 
acini or solid structures, separated by a fine fibrovascular stroma. Neoplastic cells present marked 
anisokaryosis with a large round to ovoid nucleus and one proeminent nucleoli. Multifocal, the 
clusters of neoplastic epithelial cells were disposed around bronchioles and blood vessels, with 
occasionally blood vessel invasion (neoplastic emboli). Based on the histological findings, the 
tumor was diagnosed as adenosquamous carcinoma. Similar clusters of neoplastic cells were 
identified in the intestine mass (Fig. 3D) and distal phalanx of the right 2nd digit, confirming the 







Fig. 3 A- Cytology from the pulmonary mass showing clusters of neoplastic epithelial cells; B-Asynchronous 
keratinization of the epithelial neoplastic cells (arrow); C-Adenosquamous carcinoma- clusters of epithelial 
neoplastic cells (arrow) with squamous differentiation; D-Submucosal intestinal metasatases of the pulmonary 
tumour (black star), E-Idiopathic pulmonary fibrosis with severe smooth muscle hyperplasia and severe fibrosis (top 
left corner), M&T stain; F- Digital metastasis (arrow) of the pulmonary adenosquamous carcinoma in the proximity 




A seven-year-old domestic shorthair neutered female cat was presented in a private 
practice due to left forelimb lameness and severe respiratory distress. Physical examination 





density (the tumor) of approximately 31 mm in diameter, caudo-dorsal of the cardiac silhouette 
and the entire pulmonary parenchyma had the radiological aspects of mixt pulmonary pattern. The 
digit was removed for histopathological examination and the diagnosis of adenosquamous 
carcinoma was made. Most likely, the digital tumour was a metastasis of the primary pulmonary 
neoplasia visible on the radiographs. No further investigations were performed and because of the 
rapid deterioration of the cat’s condition the owner decided for euthanasia and refused the necropsy 
examination. 
Case 3 
A twelve-year-old domestic shorthair female cat with a clinical history of apathy, mouth 
breathing and positive test for immunodeficiency virus (FIV) was euthanized and submitted to the 
Pathology Department for pathological examination. At necropsy, a large diameter mass, 
measuring about 3 cm in diameter was identified in the left cardiac lobe. Cytological exam revealed 
neoplastic epithelial cells arranged in clusters with moderate pleomorphism, anisocytosis and 
anisokaryosis. The cytological features were compatible with a pulmonary carcinoma. 
Histologically, the pulmonary mass consisted of epithelial cells arranged in variably-sized acini 
and occasionally forming intraluminal papillary projections. The neoplastic cells present indistinct 
borders, eosinophilic cytoplasm and large round to oval nuclei with 1-2 prominent nucleoli. The 
mitotic rate was high, with fewer atypical figures. At the periphery of the tumor a thin 
pseudocapsule was present. A final diagnosis of pulmonary adenocarcinoma, tubulo-papillary type 
was made. The cat had one digit of the left hindlimb removed recently but the sample was not 
submitted for histological examination. Probably, the digital tumor was a metastasis of the 
pulmonary carcinoma. 
Immunohistochemistry 
In order to fulfil the diagnosis, immunohistochemistry was performed for all the available 
samples. The results are shown in the Table 1. MCK was diffuse and intense positive (Fig. 4A) for 
both primary pulmonary tumours (adenosquamous carcinoma and pulmonary carcinoma tubulo- 
papillary type) and negative for vimentin (Fig. 4B). The digital metastases were confirmed again 
through this way by the positive reaction of MCK (Fig. 4 C) and negative reaction for vimentin 
(Fig. 4 D). KRAS mutated protein was evaluated for the oncogenic pathway and it was found 






Tissue Histopathological diagnosis MCKa Vimentinb KRASc P53d 
 
1 
Pulmonary mass Adenosquamous carcinoma + - + - 
Digit Adenosquamous carcinoma + - + - 
2 
Digit Adenosquamous carcinoma 
+ - + - 
3 Pulmonary mass Adenocarcinoma, tubulo- papillary type + - + - 
a- Multi-cytokeratin - mouse anti-human multi-cytokeratin antibody, clone AE1/AE3. 
b- Vimentin - mouse anti-human monoclonal vimentin antibody, clone SRL33. 
c- KRAS - rabbit polyclonal to KRAS. 







Fig. 4 A, C- Positive reaction for MCK in the cytoplasm of the neoplastic epithelial cells-pulmonary tumor (A) and 
digital metastasis (black arrow) (C), B, D – The neoplastic epithelial cells were negative for vimentin; the 
fibrovascular stroma showed an intense cytoplasmic reaction for vimentin. E, F- Diffuse and intense positive 
immunoreaction for KRAS of neoplastic epithelial cells. 
 
Discussions 
Feline lung-digit syndrome is by definition a primary pulmonary tumor, usually a 
bronchogenic adenocarcinoma that metastasis in one or more digits (Goldfinch et al., 2012; 





subungual metastases (Cohen, 2001). The most common primary pulmonary tumor in cats is 
bronchial adenocarcinoma (Hahn et al., 1997), but generally the incidence of pulmonary tumors in 
cats is considered to be low (Theilen and Madewell, 1979; Wilson and Dungworth, 2002; Withrow, 
2007). It was not established an association between age, breed, clinical signs and the histologic 
tumor type (Hahn et al., 1997). Pulmonary tumors usually metastases and the most frequent site is 
the thoracic cavity, but also other areas were reported as bone, intestine, skeletal muscle, spleen, 
liver, skin and brain (Hahn et al., 1997). Metastases of pulmonary adenosquamous carcinoma were 
also reported in orbital soft tissues involving the optic nerve and calvarium (Binanti and Zani, 
2015). In our cases, the most representative sites of metastasis included digits and intestinal tract. 
In all cases the metastases were confirmed based on histological and immunohistochemical 
findings. The prognostic was poor in all cases, and the median survival time was about 2 months. 
Idiopathic pulmonary fibrosis is a poorly understood, severe and chronic respiratory 
disease of humans, dogs and cats. Previously reports regarding the average age of diagnosis of 
idiopathic pulmonary fibrosis in cats is 8.7 (Williams et al., 2004) and 8.3 with a range of 1.9-15 
years (Cohn et al., 2004). In our study we have diagnosed this condition in 2 cats, based on clinical 
and pathological exams. The most valuable histopathological diagnostic criteria is the alternation 
of heterogeneous areas with marked fibrosis (and honeycomb appereance) with regions of almost 
normal parenchyma (Le Boedec et al., 2014; Raghu et al.,2011; Rhind and Gunn-Morre, 2000). 
In humans, the median survival time after diagnosis idiopathic pulmonary fibrosis is 
between 2 to 5 years (Raghu et al., 2016; Raghu et al., 2014; Ley et al., 2011; Latsi et al., 2003; 
King et al., 2001, Fernandez et al., 2010; Collard et al., 2003). It was suggested that there may be 
a correlation between idiopathic pulmonary fibrosis and pulmonary neoplasis in cats, supported by 
a relatively high number of cases (n=6) reported and the fact that initially there were diagnosed 
more, but later established that hyperplasia and metaplasia changes were due to the severe 
pulmonary fibrosis (Cohn et al., 2004). Moreover, in human medicine, this hypothesis was 
proposed from 1939 and later proved by showing areas of transition between non-neoplastic and 
neoplastic lesions (Meyer and Liebow, 1965; Aubry et al., 2002). Apparently, the association of 
idiopathic pulmonary fibrosis and pulmonary carcinoma is more common in men than in women 
(Aubry et al., 2002). The study performed by Park et al., 2001 based on the fibrotic distribution of 
lesions showed that the general characteristics of pulmonary carcinomas of patients with idiopathic 
pulmonary fibrosis were similar with the population with general pulmonary carcinomas. In 
veterinary medicine there are still insufficient studies regarding this link between idiopathic 
pulmonary fibrosis and pulmonary tumors. 
Cancer pathways are of major interest nowadays because of the great importance in future 
therapies. In the present study we evaluated KRAS and P53 expression by immunohistochemistry. 
Interestingly, the immunohistochemistry reaction for p53 was negative in all samples, but intensely 
positive for KRAS. In a recent study performed by D’Costa et al., 2012 the P53 protein was 
immunhistochemically positive in 25% of the samples. Both P-53 and KRAS were studied by 
sequencing analysing, but no mutations were found (D’Costa et al., 2012). 
 
Conclusions 
FLDS and IPF are rarely encountered in cats. An association between these two syndromes 
was identified in 2 out of the three cases. KRAS mutation may represent an important predisposing 
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